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Introduction
The observed distribution pattern of the common planktonic crustacean Diaptomus in lakes and ponds of North America has been attributed to two main factors. The first concerns the organisms' dispersal or colonization abilities (Carter et al. 1980; Maly 1984a; Maly and van Leeuwen 1988) , which largely determine the geographical distribution of species. The second concerns the species' tolerance of environmental conditions. These conditions include physico-chemical characteristics that determine the extent of overlap in the large-scale distribution of closely related species and (or) biological interactions that regulate their co-occurrence in local distributions.
So far as the two herbivorous species Diaptomus minutus and
Diaptomus oregonensis are concerned, the considerable overlap in their geographic ranges is thought to have resulted from shared access to the network of postglacial lakes formed during Pleistocene deglaciation, and to their mutual tolerance of extremes relating to lake morphometry , water temperature, and water chemistry (Anderson 1974; Roff et al. 1981 ; Carter et al. 1980 Carter et al. , 1983 Maly 1984b) . Their co-occurrence in local distributions, however, is thought to be dependent on their ability to reduce temporal, spatial, and size (and presumably diet) overlap (Sandercock 1967; Rigler and Langford 1967; Hofmann 1979; Maly 1984b) .
In the Eastern Townships of Quebec, D. minutus and D. oregonensis have greatly overlapping distributions (Carter et al. 1980 ). That they co-occur more frequently in these water bodies than any other congeneric species pairs (Maly and van Leeuwen 1988) has generated a great deal of speculation on the evolutionary forces that have led to their coexistence. Based on findings of other diaptomid studies, D. minutus and D. oregonensis may exhibit temporal (Sandercock 1967 ; Hammer and Sawchyn 1968) , spatial (Rigler and Langford 1967) , size (Cole 1961; Maly 1983) , or dietary (Maly and Maly 1974; Maly 1976; Bowers 1980) segregation. Although no study has been conducted that specifically evaluates the contribution of each of these factors to the co-occurrence of the two diaptomid species, Maly (1984b) found evidence of size displacement in many of these sympatric populations. In a subsequent study, Chow-Fraser and Maly (1988) proposed and tested the hypothesis that size divergence evolved to minimize interbreeding between co-occurring populations; however, since mate recognition in these diaptomids was independent of copepod size, the size ratio between mating pairs did not have any significant effect on the incidence of interspecific mating. Chow-Fraser and Maly thus concluded that size divergence did not evolve to prevent interbreeding between species that are very similar in body size.
An alternative explanation is that size displacement may have evolved to reduce exploitative competition for food. This hypothesis is based on the assumption that copepod diets vary as a function of body size (Hutchinson 195 1) and that there is a negative correlation between diet and size overlap. Although there is no evidence that the latter assumption is valid, there is an expectation of a relationship between body size and the maximum particle size ingested, as has been demonstrated for the marine copepod Acartia (Wilson 1973) and two species of Diaptomus in Lake Michigan (Bowers 1980) . In addition, previous laboratory experiments have demonstrated quite conclusively that copepods are discriminating feeders, capable of selecting algae of specific size, morphology, and nutritional quality (Richman et al. 1980; Fulton 1988; Vanderploeg et al. 1988; De Mott 1990) , and this may have some bearing on the ability of copepods to vary their diet as a function of their size.
In this study, we reanalyze data from the 54 lakes and ponds sampled by Maly (1984b) . We first examine the spatial and temporal distribution patterns of D. oregonensis and D. minutus in a subset of these lakes to determine if animals exhibit habitat segregation. We also conducted diet analyses in a subset of these lakes to determine the relationship between copepod size and algal size, and between copepod size and diet overlap. Specifically, we investigate diet differences (i.e., diet breadth) between allopatric and sympatric populations and determine if size overlap is directly related to diet overlap (i.e., whether large copepods show a much greater preference for large particles and small copepods for small particles).
We chose to use in situ stomach content analyses rather than laboratory or feeding experiments to obtain diet information of of diaptomids in our lakes. Although qualitative diet analyses have been carried out for calanoid copepods (Fryer 1954; Maly and Maly 1974; Wong 1985, 1986) , they have seldom been used to quantify diet overlap between species. We consider this to be an appropriate approach for examining exploitative competition between field populations of Diaptomus, because it provides simultaneous information regarding the food preferences of co-occurring copepods, copepod size, and food size, as well as relative food abundances, all of which are necessary to determine diet overlap and the effect of food availability, animal size, and algal dimensions and quality on the selectivity patterns of diaptomids. By simultaneously examining the relationship between temporal, vertical, and size segregation and copepod diet, we hope to better understand some of the factors that have led to the coexistence of D. oregonensis with D. minutus in these Quebec lakes.
Methods and materials
Further analysis of the 1979 samples Between 1978 and 198 1, Maly (19846) sampled 54 shallow lakes and ponds in the Eastern Townships and the foothills of the Laurentian Mountains near Montreal, Quebec. In this study, we reanalyze a small subset that had been sampled in 1979. The data correspond to six lakes in which D. oregonensis and D. minutus co-occurred, two where only D. minutus was found, and one where D. oregonensis was found alone. Another calanoid copepod, Epischura lacustris, co-occurred with diaptomids in many of these lakes (Table 1) ; however, its density was usually low (E. J. Maly, unpublished data), which is in agreement with observations made by Rigler and Langford (1967) on 107 lakes in southern Ontario.
During the 1979 survey, quantitative zooplankton samples were collected 3 -5 times during the ice-free season (May -November) with a 2-or 4-L van Dorn sampler or a 30-L Schindler -Patalas trap (80-pm mesh), depending on lake surface area. Because these lakes tend to be well mixed throughout the season and do not stratify, they are relatively homogeneous with respect to ambient temperature and oxygen concentration (Chow-Fraser and Maly 199 1). Samples were obtained in duplicate at the surface (usually 0.5 m), mid-depth (ranging from 1.5 to 3.0 m), and bottom (ranging from 2.0 to 10.0 m) of each lake. These were used to provide information regarding the spatial segregation of animals in sympatry and were not used to estimate copepod abundance. On each sampling trip, diagonal net tows were also taken from the deepest part of the lake with a Wisconsin plankton net (80-pm mesh), and these were used to supplement information on clutch size and prosome length of adults in the respective lakes. All zooplankton samples were preserved in the field with 4% formalin and replaced with 70% ethanol in the laboratory.
Field sampling in 1985 and 1986
In 1985, a subset of the sympatric populations, those in Long, Cromwell, Pin Rouge and Thibault lakes, was sampled approximately triweekly to provide more accurate information regarding the temporal, vertical, and horizontal distribution of copepods and to estimate adult copepod densities. Allopatric populations from Sally and Libby lakes were also sampled during this period. Twelve or 13 samples were taken with 2-L Schindler-Patalas traps at various locations from both the top and bottom portions of each lake for sympatric (6 times from the end of May to the end of August) and allopatric (4 times from the end of May to the end of August) populations. Qualitative samples were also collected by vertical tows on each sampling day at the deepest station in each lake. In 1986, Nick, Trousers, Moulin and Sally lakes were sampled biweekly with Schindler-Patalas traps (10 samples per lake vist) throughout the water column to estimate copepod density. All quantitative and qualitative zooplankton samples were preserved immediately in the field with 4% formalin.
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along three or four transects in six of the study lakes, Trousers, Nick, Long, Moulin, Sally, and Libby, for stomach content analyses. On each occasion, triplicate phytoplankton samples were also collected in 8-m lengths of rubber hose in approximately the same vicinity where zooplankton was collected. The contents of these tubes were mixed in a bucket, and aliquots of the mixture were placed in 125-mL bottles. Both zooplankton and phytoplankton were immediately preserved with acid Lugol's iodine solution in the field.
Zooplankton processing
Diaptomids in all the quantitative samples were sexed, identified to developmental stage and species, and enumerated with the aid of a dissecting microscope (12 x and 25 X objectives). Whenever possible, the prosome length of 20 males and females of each species in each sample collected by vertical tow was measured. Depending on availability, the clutch size of 20 females was also recorded. Size measurements were made at l00X magnification (accurate to the nearest 0.01 mm) with the aid of an ocular micrometer.
Only adult animals were processed for stomach contents analysis. Once they had been sexed and their length measured, copepods were isolated with a Pasteur pipette and transferred onto depression slides and rinsed with distilled water several times. Each animal was then transferred onto a clean glass slide and placed in a drop of distilled water. The gut was dissected out with forceps and No. 000 insect mounting pins (affixed with epoxy glue to Pasteur pipettes). Once removed, the gut was placed in a drop of 10% glycerin-water solution, covered with a glass cover slip, and gently squashed with the blunt end of forceps. We circled the outline of the smear with a fine indelible marker; this allowed us to later locate the smear under the light microscope. The preparation was sealed with three coats of nail polish applied to the edge of the coverslip and examined with a phasecontrast microscope (200 x or 400 x magnification), usually within 24 h. All algal contents (within the area delineated by the marker) were identified to genus (except some colonial forms) and enumerated. We also obtained representative dimensions of each taxon to enable us to estimate cell biovolumes.
In this study, the animals' guts composed almost 75 % of the total body length of the animals and consisted of three identifiable segments that we refer to as the fore, mid, and hind guts. The foregut was usually short, the midgut was longer and more slender, and the hind gut was long and easily broken from the rest of the stomach; in this study, we included only preparations containing intact sections of the mid-and fore-guts.
Phytoplankton processing
Duplicate 5-mL aliquots of phytoplankton samples were settled overnight in sedimentation chambers for algal enumeration. All algae were identified and enumerated in three transects at 200 x magnification and one transect at 4 0 0~ magnification; the entire slide was scanned for large dinoflagellate, desmids, filaments, and colonies (longest linear dimension >40 pm). Items that occurred fewer than 10 times in all four transects were counted in a replicate slide, and the average of these two counts was used as a measure of available diet items; otherwise, all items were enumerated from inspection of one slide only. Biomass of phytoplankton was calculated by volumetric approximation to geometric shapes and assuming that the specific gravity is 1.
Index of diet preference and niche overlap
We used Feinsinger et al.'s (1981) "niche breadth" (NB) index to discern differences in the diets of the copepods when they co-occurred. NB is a measure of the degree of similarity between the frequency distribution of diet items used by members of a population and the frequency distribution of diet items available to them. An NB value of 1.0 is the broadest possible niche, which indicates that animals utilize all available diet items; an NB value of lln (where n is the number of diet items in the lake) is the narrowest niche, which indicates that the diet consists of one item exclusively. It is calculated as where pi is proportion of diet items in stomachs and ai is proportion of diet items in the lake. To determine the extent of dietary overlap for the two diaptomid species in lakes, we used Hurlbert's (1978) "niche overlap" (L) index, a measure of the degree to which the frequency of shared preference for a food item is higher or lower than expected if each species utilized the food in proportion to its abundance in the lake. An L value of zero indicates no sharing, a value of 1 indicates that both are taking items according to their availability, and values from 1 to infinity indicate an, increasing degree of sharing. It is calculated as where p,, and p,, are the proportions of diet items used by species x and y, respectively, and n is the number of diet items in the lake. We also used L to determine the extent of overlap in the vertical distributions of sympatric populations. For comparison, we calculated Horn's (1966) overlap index (Ro) because copepod densities in our samples were variable, and sample size has only a minimal effect on the value of Horn's index (Krebs 1989) . It is calculated as where p,, is the proportion of food item i in the diet of species x, and p,, is the proportion of food item i in the diet of species y; any base of logarithms may be used. An Ro value of zero means there is no similarity in vertical distribution, whereas a value of 1 means complete overlap in spatial distribution. We calculated selectivity (a) and electivity indices (c) (Chesson 1978; Chesson 1983) for both species to determine respective food preferences in each lake. They were calculated as and where n, pi, and ai are as indicated for L. a-values reflect how items are selected by the population: a value of lln indicates that the item is selected neutrally or opportunistically (ingested according to its availability), whereas a lower or higher value indicates that it is selected against or selected for, respectively. c-values are normalized a-values and range between -1 and + 1. An €-value of zero indicates neutral selection of a food, whereas values greater than and less than zero indicate degrees of selection of and selection against the item, respectively. When the food base is constant, a-values are directly comparable; however, when numbers of prey types vary, c-values are more readily compared (Confer and Moore 1987 base varied among lakes in this study, we used E to compare food preferences among diaptomids.
Because of the large individual variation in stomach contents, with regard to both amount and type of food ingested, we have grouped the stomach data by sex and species for each lake visit; in most cases the number of stomachs ranged from 12 to 15. We used biomass instead of density data to calculate the various indices, since it was found to be the variable of choice in a preliminary analysis and was also recommended by Wallace (198 1) .
Results and discussion

Spatial and temporal overlap
Between May and November of 1979,72 Schindler -Patalas traps were collected in the six lakes with sympatric popula-1 tions, at various depths ranging from just below the surface to a metre above the sediment (Table 1 ). These water samples represented an extremely heterogeneous data set for determining the extent of spatial overlap between species. If these diaptomids were spatially segregated, we would expect to find a large percentage of the 72 samples to contain only one species: 7 % of the samples contained neither species, 26 % contained only one species, and in the remaining samples, both species were found in various proportions throughout the top, middle, and bottom strata (Fig. la) . The species composition of the samples was significantly dependent on the depth of sampling (3 x 4 contingency table, x2 = 13.55, P < 0.05).
Both species appeared to congregate near the surface, and this was consistent with the weak positive association between diaptomids as indicated by a test of association (2 x 2 contingency table; x2 = 3.96, P < 0.05) and an association coefficient of + 0.39 (Cole 1949) . In addition, copepod densities were significantly higher in samples where they occurred together than in samples where they occurred alone (one-way ANOVA, P = 0.0029). Thus, not only did we fail to find eviCan. J. Zool. Downloaded from www.nrcresearchpress.com by McMaster University on 10/26/14
For personal use only. dence of spatial segregation, we found that D. minutus and D. oregonensis were positively associated in these lakes.
In 1985, a more intensive survey was carried out on four of the six lakes to discern temporal as well as vertical partitioning between diaptomid species. Consistent with the results of the 1979 survey, the distribution of species in these samples was significantly dependent on the depth of sampling; however, copepods appeared to congregate near the bottom instead of in the surface waters (Fig. 1 b ; three-dimensional contingency table, X2 = 157.05, P < 0.001). The distribution was also significantly dependent on the time of sampling: copepods occurred together more frequently in the June and July samples than in the May and August samples, and abundances of both species were also higher at these times. Since the top and bottom samples were collected at various locations in each lake, we may have inadvertently minimized any effect of horizontal patchiness on these results. We therefore conducted the following analysis to examine overall spatial overlap, which took into account differences in vertical and horizontal distributions, and was aimed at determining the extent of spatial overlap at any location in the lake.
For each lake surveyed in 1979, we calculated monthly indices of spatial overlap using both Horn's (1966) and Hurlbert's (1978) formulae (Table 2). None of the values for Horn's index was less than 0.75, the majority (12119) being greater ,than 0.9. This indicates that the two diaptomid species overlapped a great deal in their spatial distribution in these lakes. Similarly, most of the values we calculated for Hurlbert's index were greater than 1 .O, confirming that the overall distribution pattern of the diaptomids involved extensive overlap throughout the summer.
These positive associations between D. minutus and D. oregotion that there was no temporal or spaGal partitioning between these species in over 100 lakes in Ontario that they studied. There was no clear trend of copepod dominance in the six zooplankton communities (Fig. 2) . In Cromwell and Nick lakes, D. oregonensis was numerically dominant throughout the open-water season; in Long and Thibault lakes, D. minutus was dominant; and in Trousers and Pin Rouge lakes, neither species was dominant. The seasonal maxima for D. minutus also varied from lake to lake: they occurred in mid-July, late August, and early June in Trousers, Long, and Thibault lake, respectively. The seasonal maxima for allopatric populations of D. minutus were also different between Sally and Libby lakes, even though there was little year-to-year variation in the timing of seasonal maxima (Fig. 3) .
Size overlap
It is clear from the foregoing discussion that co-occurring populations did not reduce their zone of overlap by partitioning their habitat, either through vertical or temporal segregation. We next examined populations for evidence of size displacement. A testable hypothesis is that body sizes of copepods in sympatry would be significantly different from those in allopatry, since interspecific competition should lead to divergence in copepod size with corresponding changes in diet overlap. Specifically, the smaller bodied species should become smaller while the larger bodied species should become larger. Since pH and temperature can affect the body size of D. minutus and D. oregonensis independently of any effects of competition (Maly 1984b) , we used only data from lakes with pH between 7.3 and 7.8 (pH category in Although mean prosome length differed significantly among lakes of origin for both males and females of the two diaptomids (one-way ANOVA, P < 0.005 in all cases; Table 3), the differences could not be attributed to the presence or absence of congeneric species. For example, sympatric individuals of D. minutus, the smaller bodied species, were expected to be significantly smaller than allopatric individuals; however, of the three sympatric populations in our analysis, only the Long Lake population contained individuals significantly smaller than those in the allopatric populations. Similarly, only one of the three sympatric populations of D. oregonensis contained individuals significantly larger than those in the allopatric population. Thus, copepod body size was generally independent of the species composition in the lake.
Allopatric populations
These results contradict those of Maly's (1984b) study, in which he showed that individual D. oregonensis were generally larger than their allopatric counterparts when this species co-occurred with D. minutus, and that individual D. minutus tended to be smaller than their allopatric counterparts in lakes where D. oregonensis was also present. This discrepancy between studies probably reflects differences in sample size, since Maly 's comparisons included data from 54 lakes, whereas we have only included 6 lakes. Nevertheless, Rigler and Langford (1967) also failed to find evidence to support the size-displacement hypothesis when they compared differences between allopatric and sympatric populations for their large lake set (in fact, they found a tendency for sizes to converge in sympatry) .
A notable problem with this synoptic approach is that copepod size is not only a function of food availability, but may also be influenced by size-selective predation (e. g . , Brooks and Dodson 1965) as well as temperature and food availability (Elmore 1983; Williamson and Butler 1987) . Therefore, detecting differences in absolute size is not a rigorous enough test to discern the effects of interspecific competition in field data, especially when only a few lakes are involved. A better approach is to relate the extent of coexistence to relative body size differences in the two populations. The rationale is that divergence in size should lead to coexistence of larger populations, so that a large size ratio should be accompanied by higher densities of both species, whereas a small size ratio should be accompanied by a limited distribution of one or both species.
The relative size of copepods appeared to be an important factor determining the extent of co-occurrence in our lakes (Fig. 4) . In Trousers and Long lakes, where both species were common (Fig. 2) , there is a divergence in size between males of the larger bodied species, D. oregonensis (DOM), and females of the smaller bodied D. minutus (DMF). This contrasts with the situation in Nick Lake, where D. minutus was rare, and where there was a conspicuous absence of size disparity between species. A comparison of size ratios for the six sympatric populations revealed that the size ratio of DOM to DMF was negatively correlated with the abundance of D. oreCan. J. Zool. Downloaded from www.nrcresearchpress.com by McMaster University on 10/26/14
For personal use only. gonensis relative to that of D. minutus (r = 0.88, P < 0.02; Table 4 ), suggesting that divergence in size enhances the coexistence of the smaller bodied with the larger bodied species.
Therefore, although size displacement could not be detected when mean lengths of sympatric and allopatric populations were compared, a reduction in size overlap between sympatric populations was accompanied by coexistence of both species at relatively high densities, and this is consistent with the hypothesis that D. oregonensis and D. minutus have diverged in size as a result of selective pressures to reduce interspecific competition for similar-sized algal particles.
Dietary overlap
If exploitative competitive for food has led to size divergence, then we would expect to find dietary differences between sympatric and allopatric populations. We therefore conducted stomach content analyses to determine differences in diet breadth between allopatric and sympatric populations; however, since these analyses are extremely labour intensive, we concentrated our efforts on only six of the lakes sampled earlier by Maly (1984b) . We chose three lakes each in which species occurred sympatrically and allopatrically (Table 5) . Unfortunately, our comparison of diet breadth of animals in the six lakes was inconclusive. Values of the three sympatric populations sampled in the October survey did not differ significantly from those of the three allopatric populations (unpaired t-test, P = 0.25 and 0.14 for D. minutus and D. oregonensis, respectively), for although values for both species in Trousers Lake were smaller than those in allopatric lakes, values for the other two sympatric populations were not consistently smaller. Since these results were subject to the same interpretive difficulties as those encountered with the size data (Table 3) , we conducted a more detailed analysis to compare diet and size overlap in a reduced lake set.
We chose to study the sympatric populations of Trousers and Nick because these lakes differed in several respects even though they are contiguous basins. A major difference was that size divergence in Trousers Lake was accompanied by coexistence of relatively dense populations of both diaptomid species, whereas size convergence in Nick Lake was accompanied by the establishment of a severely reduced population of D. minutus (Figs. 2 and 4 ). This situation offered us an excellent opportunity to test the relationship between size and dietary overlap. In addition, the mean seasonal phytoplankton biomass of Nick Lake was roughly half that of Trousers Lake (Table 6 ) and had been dominated by blue-green blooms of Microcystis from June to August, whereas that in Trousers Table 3 .
Lake had only a small community of colonial blue -green algae (with maximum colonial dimensions < 30 pm) throughout the summer. Such differences in algal composition and relative abundances may have had an effect on the degree of dietary overlap in the respective lakes. We first examined the data for seasonal changes in diet breadth in both lakes. A two-factor analysis of variance revealed differential effects of season and lake origin on diet breadths of D. minutus and D. oregonensis. Diet breadths of D. minutus in the May -August samples were significantly smaller than those for the October sample (P = 0.0006; Fig. 5a ), indicating that the smaller bodied species in both lakes (P = 0.94) maintained a larger selection of diet items in spring and summer than in fall. By contrast, diet breadths of the larger bodied species, D. oregonensis, were significantly different between lakes (P = 0.05) but were not significantly different among sampling dates (P = 0.16; Fig. 5b ). Diaptomus oregonensis in Trousers Lake tended to select a larger variety of diet items in May and July relative to August and October, whereas D. oregonensis in Nick Lake appeared to have a more restricted diet in May and then broadened their food choice from July to October.
Sex and species-specific diet differences within lakes were next quantified in terms of diet overlap. We calculated monthly measures of diet overlap using Hurlbert's (1978) index for each copepod species -sex pair (i .e., DMM -DMF, DMM -DOM, DMM -DOF, DMF -DOM, DMF -DOF, and DOM -DOF). Mean monthly overlap values in both lakes were initially high (Fig. 6a) ; however, when food became more limiting in late July and early August, copepods in Trousers Lake substantially reduced their dietary overlap, whereas those in Nick Lake continued to exhibit a great deal of overlap. This variation in dietary overlap from month to month within the same lake seemed to be a function of the changing body size ratio between species, since copepods in Trousers Lake diverged in size (Fig. 4) , whereas diaptomids in Nick Lake maintained size convergence. The relationship between size and dietary overlap was clearly demonstrated when we plotted log-transformed values of dietary overlap against size ratio and found a significant negative correlation ( Fig. 6b ; r = 0.56, P = 0.0001, n = 56), indicating that dietary overlap decreased as an inverse function of size overlap.
To further examine how preference for prey items changed as a function of copepod size, we plotted mean seasonal electivity values for each of the diaptomids by sex and species for 24 food categories found in Trousers and Nick lakes (Figs and 8, respectively). The largest copepods in either lake were D. oregonensis females (DOF), and the smallest were D. minutus males (DMM); D. oregonensis males (DOM) and D. minutus females (DMF) were intermediate between these, even though size divergence was accentuated for animals in Trousers Lake. Food preferences of DMM were sorted in descending order, and data for the other three copegods were plotted in the same algal sequence for easy comparison. In Trousers Lake, preference for the small unicellular algae (Fig. 7 , solid bars; longest linear dimension < 10 km) tended to decrease with increasing copepod size. Though less obvious, this general pattern was repeated in Nick Lake (Fig. 8) . By comparison, preference for larger items (Figs. 7 and 8 , open bars) tended to increase with copepod size in both lakes. We further sorted the data by algal taxon and regressed mean seasonal electivity values for each food item against the mean prosome length of copepods in each lake (Table 6) . In all cases, preference for small algae ( < 10 km) tended to decrease with diaptomid size; significant negative correlations (P < 0.05) were recorded for Selenastrum and some small blue -green algae that occurred either singly or in short chains or small colonies. By comparison, significant (P < 0.05) positive correlations between preference and diaptomid size were recorded solely for larger algae such as Planktosphaerium, a unicellular form with diameters ranging between 11 and 13 km, Melosira with diameters ranging between 10 and 12 km and filament length exceeding 50 km, as well as pennate diatoms such as Achnanthes, whose length usually exceeded 50 km (Table 6 ). Thus, preference for small algae generally decreased with diaptomid size, whereas preference for large algae increased with diaptomid size. The relationship between food preference and copepod size was, however, unclear for certain algal taxa. For instance, in both Trousers and Nick lakes, copepods showed a strong preference for the green alga Oocystis, regardless of copepod size. Other items such as Closterium, green filaments (e. g . , Mougeotia), and green and blue-green colonial forms such as Scenedesmus and Gleocapsa were strongly selected against, regardless of copepod size. Blue-green colonies (assorted taxa with irregular dimensions) seemed to be ingested more or less opportunistically by all copepods in both lakes, whereas selection of algae such as Cosmarium , dinoflagellates (e. g . , Ceratium) , and colonial pennate diatoms (e. g . , Asterionella and Tabellaria) was variable and did not appear to depend on copepod size.
Variations in clutch size
Food availability and prosome length are known to be determinants of clutch size for D. minutus and D. oregonensis (Chow-Fraser and Maly 199 1). Consistent with previously documented studies of other diaptomids (e.g . , Maly 1973 Maly , 1983 Cooney and Gehrs 1980; Elmore 1983) , the clutch size of both species in these lakes varied as a function of prosome length (Fig. 9a) . When data were replotted to show changes in clutch size through the season (Fig. 9b) , we found that the clutch size of D. minutus in Trousers Lake was generally higher than in Sally, Libby, Nick, and Long lakes. Similarly, the clutch size of D. oregonensis in Trousers Lake was also higher than for the same species in Nick, Moulin, and Long lakes. We attribute these larger clutch sizes to the much higher algal biomass in Trousers Lake relative to other lakes (Table 7) . These observations confirm the findings of Chow-Fraser and Maly (1991) ratio between pairs of copepods, as described in the text.
General discussion Analyses of spatial, temporal, and dietary overlap and a comparison of relative body sizes of sympatric and allopatric populations reveal that D. oregonensis and D. minutus overlapped extensively in their seasonal and vertical distribution in these shallow Quebec lakes, and that dietary overlap was highly correlated with size overlap in sympatric populations. In Trousers Lake, where the two species coexisted at moderate densities (Fig. 2) , there was divergence in size and diet (Fig. 6b) ; by comparison, in Nick Lake which was dominated by D. oregonensis alone, there was considerable size and dietary overlap (Figs. 4 and 6a) . In both lakes, preference for small unicellular algae tended to decrease with copepod size, whereas preference for larger items tended to increase with copepod size (Figs. 7 and 8) . There was also a significant negative correlation between preference for small algae ( < 10 pm) and copepod prosome length, and a positive correlation between preference for larger algae and prosome length (Table 6 ). These observations confirm size-selective feeding on natural algae of other diaptomid species under laboratory conditions (Bowers 1980; Vanderploeg et al. 1988) .
That difference in size between D. oregonensis males and D. minutus females was negatively correlated to the relative abundance of D. oregonensis versus D. minutus (Table 4) suggests that size divergence enhances coexistence of the two species at moderate densities. The maintenance of both species in any lake probably requires a relatively large food base; when food is scarce overall, species do not appear to be able to diverge in size, presumably because both are feeding on the same diet items and thus have similar nutritional intakes. This, in turn, perpetuates their large dietary overlap, which further contributes to the size overlap as well as to lower clutch size (Fig. 9) . Thus, the relative abundance of D. minutus and D. oregonensis in these lakes may be linked directly to food availability and competitive interactions between species within lakes, although we do not discount the importance of sizeselective predation in shaping the size structure of these zooplankton communities.
Since the diet breadth of D. minutus in Nick and Trousers lakes was similar, despite the greater than twofold difference in algal biomass (Fig. 5a, Table 7 ), we suggest that this copepod is a more generalized, opportunistic feeder, which takes advantage of all available algae rather than focusing on those of one size, especially in July and August. By contrast, D. oregonensis appeared to concentrate on large algae during most of the season, and thus is more of a specialist feeder (Fig. 5b) . This difference in feeding strategies may explain why [chlorophyll a], which is an estimate of total algal biomass, was a significant determinant of clutch size for D. minutus, whereas it was not significantly correlated with the clutch size for D. oregonensis, presumably because this species is a more discriminating grazer (Chow-Fraser and Maly 1991).
We will attempt to compare our results with those from Can. J. Zool. Downloaded from www. Algae are identified as follows: Ooc, Oocystis; Chlo, Chlorella; Chla, Chlamydomonas ; Tet, Tetraedron ; Pla, Planktosphaerium ; Col, small colonies of cyanobacteria; Crl, large Cryptomonas; Cyc, Cyclotella; Rho, Rhodomonas; Sel, Selenastrum; Mel, Melosira; Sta, Staurastrum and other large desmids; Ast, Asterionella -Tabellaria; Sce, Scenedesmus; Sbg, small blue-greens (sometimes in chains); Gle, Gleocapsa; Ach, Achnanthes and other single pennate diatoms; Cos, Cosmarium; Din, Dinobryon; Ank, Ankistrodesmus; Crs, small Cryptomonas; Grf, green filaments; Clo, Closterium; Cer, Ceratium and other dinoflagellates.
laboratory feeding trials, although we recognize that comparisons may be inappropriate, since the animals in our study chose simultaneously from more than 24 different diet items, whereas animals in laboratory studies are usually able to choose from only two algae. For the most part, algal preferences demonstrated in this study are consistent with recent studies on other diaptomid species which indicate that calanoids feed selectively on the basis of size, algal morphology, and nutritional quality (see Vanderploeg 1990 ). The uniformly high preference for the egg-shaped colonial alga Oocystis is probably due to the fact that it is easily detectable, owing to its size (i.e., large enough to be detected at a distance), and its morphology renders it easy to handle, since it has no spines or protrusions, and requires no special orientation before it is ingested. Flagellates such as Chlamydomonas and Cryptomonas are also known to be preferred food items of calanoids (e.g., Bogdan and Gilbert 1984; Vanderploeg and Paffenhofer 1985; Williamson et al. 1985) , as are large solitary diatoms such as Cyclotella and Achnanthes (Richman et al. 1980; Wong 1985, 1986; Vanderploeg et al. 1988) . The consistent preference of D. oregonensis for the filamentous centric diatom Melosira (Figs. 7 and 8 ) is also in agreement with Fulton's (1988) observation that Diaptomus reighardi showed an exceptionally high preference for Melosira granulata in his laboratory feeding experiments. Vanderploeg et al. (1988) filmed the feeding of individuals of a similar-sized species, Diaptomus sicilis, on Melosira filaments and found them biting off sections that were 700 pm long; presumably D. oregonensis also ingests these diatom chains in a similar manner.
By contrast, the stellate diatom Asterionella was selected Can. J. Zool. Downloaded from www. A , Long Lake; +, Trousers Lake; m, Nick Lake; 0 , Sally Lake; A , Libby Lake. Lower panels: 0 , Moulin Lake; m, Trousers Lake; A , Long Lake; . , Nick Lake. that Eudiaptomus preferred Planktosphaeriurn to Chlamydomonas, it is difficult to make direct comparisons because the diameter of the algae used in his experiments (23 pm) is roughly twice that of the algae in our lakes (1 1 -13 pm), and the animals in our lakes altered their preference for Planktosphaerium according to copepod size. Although there is no experimental evidence that size divergence has led to coexistence of D. minutus with D. oregonensis in these Quebec lakes and ponds, we have eliminated the possibility that spatial or temporal segregation plays any role in determining their co-occurrence . Moreover, we have demonstrated that dietary overlap is related to size overlap and that copepods appear to select algae as a function of their own body size. These observations therefore lend support to Hutchinson's (1951) hypothesis that diaptomids in general require a minimum size difference in order to coexist, and that size divergence between sympatric populations has evolved to reduce exploitative competition for food of similar size. against by our diaptomids, and this is consistent with the findings of Vanderploeg et al. (1988) , who found that D. sicilis avoided Asterionella f o m s a in their laboratory feeding experiments. Our results also support DeMott's (1990) observation that when presented with a choice between Scenedesmus and Chlamydornonas under laboratory conditions, Eudiaptomus always showed a significantly lower preference for Scenedesmus. Uniform selection by D. minutus and D. oregonensis against algae such a Closterium, as well as dinoflagellates such as Ceratium (Table 6 ), may reflect the animals' difficulty in orienting these large items for ingestion. That animals did not appear to select against the ensheathed alga Planktosphaerium, but essentially ignored Gleocapsa, another ensheathed form, is difficult to explain. Even though Vanderploeg (1990) found
